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which was designated as actinomycin (Waksman and Woodruff, 1940a) . The organism is a chromogenic form producing a darkbrown to black pigment on protein-and peptone-containing media, but it is distinct in its physiology from the chromogenic species previously described. It is recognized as a new species, for which the name Actinomyces antibioticus is proposed.
In order to obtain the active substance, the culture was at first grown in a one per cent tryptone broth for 6 days at 370C. The paper filtrate of the culture had an inhibiting effect on various gram-positive bacteria: Sarcina lutea and Bacillus mycoides were inhibited by 5 and 10 ml. of the filtrate, respectively, per liter of liquid or solid medium. The growth of E. coli was not inhibited, however, by the addition of 200 ml. of filtrate per liter of medium.
The active substance produced by A. antibiotics in liquid media is completely removed by charcoal; it resists 100TC. for 30 minutes; it is only partly removed by passage through a Seitz filter. It is soluble in ether, ethyl alcohol, carbon bisulfide, acetone, and chloroform. Ethyl ether is the best reagent for removing the substance from the medium. The addition to the above medium of a small amount of starch, mineral salts, and agar increased considerably the growth of the organism. The medium finally adopted consisted of 5.0 grams starch, 10.0 grams tryptone, 2.0 grams K2HPO4, 2.0 grams NaCl, 15.0 grams agar, and 1000.0 ml. distilled water. Forty-ml. portions of this medium were placed in Blake bottles, sterilized, inoculated with a spore suspension of the Actinomyces, and incubated for 7 to 9 days at 280C. The contents of the bottles were combined and extracted three times with ether, thereby removing virtually all of the active substance. The solvent was evaporated, and the residue was weighed and taken up with alcohol. If the alcohol was allowed to evaporate and the residue was taken up with water, a yellow to orange-colored turbid solution was obtained. It was found best, however, to keep the substance in the form of an alcoholic solution (5 mg. per 1 ml.). When required, the solution was diluted with water, to give the required concentrations. The separation of the actinomycin into the A and B fractions was brought about by the use of petrol ether, only the B fraction being soluble in this reagent. Actinomycin A was found to be highly inhibitive for various gram-positive bacteria; gram-negative organisms were less sensitive, much larger concentrations being required for their complete inhibition (Waksman and Woodruff, 1940b) .
The following method was used in testing the bacteriostatic action of actinomycin: the alcoholic solution was diluted with distilled water (1:4) to give one milligram of the substance per 1 ml.; second, third, and fourth dilutions with distilled water were prepared, giving 0.01, 0.001, and 0.0001 mgm. of the substance per 1 ml. of water. Two series of tests were made, one against the more resistant and the other against the more sensitive bacteria. For the first, one and 2 ml. portions of the lowest dilution (1 mgm. per 1 ml.) were added to 10 ml. portions of nutrient agar; the agar was allowed to solidify in the plates and was inoculated with three gram-negative test bacteria, namely, E. coli, Aerobacter aerogenes, and an intermediary type; in some cases, Brucella abortus was used. The three higher dilutions were also added to 10 ml. portions of nutrient agar and the plates inoculated with three gram-positive bacteria, namely, Sarcina lutea, Bacillus mycoides, and Bacillus subtilis. The first group of plates was incubated at 370C., and the second at 280C. A record of bacterial growth was made after 24 and 48 hours. By this method, it was possible to demonstrate that there is a marked difference, among the various bacteria, in their sensitivity to actinomycin ( Figs. 1 and 2 ).
The effect of the nitrogen source upon the production of the active substance by A. antibioticus is brought out in tables 1, 2, and 3. Large amounts of actinomycin are produced on a variety of media, with organic and inorganic sources of nitrogen. The yield and activity are highest on the tryptone media. On tyrosine and tryptophane media the organism grew only poorly, producing no pigment and little active substance. The gramnegative bacteria were inhibited only by the preparations obtained on the peptone, tryptone, and phenylalanine media. The lower activity of some of the crude preparations was undoubtedly due to the higher concentrations of extraneous material accompanying the actinomycin (Waksman and Woodruff, 19401) to different pH values (4.0-9.0), in order to determine the influence of reaction upon the production of actinomycin. The highest yield and activity were obtained at pH 7, decreasing above and below that point. Actinomycin A was found to be thermo- 3  0 3 3 0 3 3  2  3  3  3  3  3  3  0 0  3  0 3 3 0 3 3  3  3  3  3  3  3  3   0  2  3  0 3 3 0 3 3  4  3  3  3  3  3  3  0 3  3  0 3 3 0 3 3  5  3  3  3  3  3  3  3 3  3  3 3 3 3 3 3  6  3  3  3  3  2  0  0 A. antibiotics produces a brown to black pigment on peptone and protein media. Beijerinck (1900) suggested that the formation of this type of pigment is due to the production of a quinone. (Borodulina, 1935; Nakhimovskaia, 1937; Waksman and Foster, 1937) , who studied the formation by ac- It is to be recalled, in this connection, that the formation of bacteriostatic and bactericidal substances by various actinomycetes has long been recognized. In 1890, Gasperini, one of the earliest students of this group of organisms, asserted that "the Streptothrix develops habitually in a spontaneous manner upon the surface of bacteria and fungi, upon which it lives to a limited extent in the form of a parasite, due to the fact that its mycelium possesses the capacity to digest the membrane or casing of these lower fungi." Rosenthal (1925) , seeking for organisms effective against diphtheria of the pharynx, tested various antagonistic bacteria without success. He finally succeeded in isolating from the air a species of Actinomyces, which he designated as the true biological antagonist of Loeffler's organism. He inoculated the actinomyces in several spots of an agar plate, the surface of which was covered with an emulsion of diphtheria bacteria. At the end of two days, the colonies of the actinomyces on the plate were surrounded by large transparent zones; the rest of the plate was covered with the growth of the diphtheria organism. The actinomyces produced a lytic substance which diffused through the agar and dissolved the diphtheria bacteria.
The work of Gratia and Dath (1924-1926) , Welsch (1937 Welsch ( -39, 1940 , Waksman and Foster (1937) , and of various Russian investigators (Borodulina, 1935; Kriss, 1940; Nakhimovskaia, 1937) , definitely established the wide occurrence of antagonistic actinomycetes in nature.
Several substances were indicated; these were designated as actinomycetin (Welsch, 1937 (Welsch, -1939 and lysozyme (Kriss, 1940 To study the effect of actinomycin upon the respiration of bacteria, a heavy suspension of E. coli cells was added to 20 ml. of a 1 per cent glucose solution, incubated at 370C. for 64 hours, and titrated with N/50 NaOH solution. The control gave a titer of 3.2 per 10 ml.; the addition of 0.5 mgm. actinomycin reduced the titer to 0.45; 2 mgm. reduced it to 0. Twenty ml. portions of broth cultures were inoculated with E. coli and incubated at 280 for 92 hours; the air was passed above the medium and the CO2 collected in standard Ba(OH)2 solution and titrated. The uninoculated control medium gave 4.7 mgm. of carbon as C02; the E. coli culture gave 11.9 mgm.; the E. coli culture receiving actinomycin gave 5.7 mgm. with 0.5 mgm., and 4.85 mgm. with 2 mgm. actinomycin, the latter being just about the same as the control. It may be added here that actinomycin had no injurious effect on the action of several enzyme systems tested, including diastase, protease, and catalase.
The effect of actinomycin upon nitrogen fixation by Azotobacter vinelandii was studied. Although this organism is gram-negative, it is more senstitive to actinomycin than certain other gram-negative bacteria, one mg. of actinomycin per liter of medium being sufficient to repress its development (Waksman and Woodruff, 1940b) . Varying amounts of actinomycin A and B were added to a series of flasks containing nitrogen-free medium and inoculated with Azotobacter. The control cultures fixed, in 17 days, 8.6 mgm. nitrogen per 1 gm. mannitol. In the presence of 0.1 mgm. actinomycin A per 100 ml. of medium, there was some growth and 5.5 mgm. nitrogen was fixed in one duplicate, but no growth and no fixation occurred in the other duplicate. Higher concentrations of actinomycin A completely prevented nitrogen fixation by the organism, although the cells of the inoculum remained alive. In the case of actinomycin B, higher concentrations also killed the cells of the inoculum. Chemically, actinomycin A was found to contain 12.8 per cent nitrogen, none of which is in a free amino position, as well as a quinone group which makes up 10 to 12 per cent of the molecule. It is known (Cooper and Mason, 1927; Morgan and Cooper, 1921, 1924) that quinones possess bactericidal properties. However. there is a marked difference in the action of actinomycin and quinones: in the case of the latter it is similar for both gram-posi- actinomycin per 10 ml. of medium with a loopful of a heavy suspension of soil in water gave no growth at all, either of fungi or of bacteria. The bacterial and fungus populations of the soil were found (Waksman and Woodruff, 1940c) to be very sensitive to the action of actinomycin.
Selective bacteriostatic action of actinomycin. The markedly greater sensitivity of some bacteria to actinomycin than of others can be utilized for the purpose of demonstrating and isolating certain specific organisms from a mixed population. In order to throw further light upon this phenomenon, three natural materials were used, namely, soil, milk, and sewage. Two kinds of soil, air-dry and fresh, as well as two forms of the other materials, namely fresh and old, were used. The results reported in table 9 show that the addition of 0.1 mgm. actinomycin to 10 ml. agar is sufficient to repress the great majority of soil Figure 3 illustrates the vegetative growth of A. antibioticus and the manner of spore-formation.
SUMMARY
A species of Actinomyces, possessing strong bacteriostatic and bactericidal properties was isolated from the soil. This organism was found to belong to the chromogenic types of actinomycetes, producing brown to black pigments on peptone and protein media; it is described as a new species, under the name of Actinomyces antibioticus.
An active substance was isolated from cultures of this organism, by the use of solvents, including ethyl ether, petrol ether, ethyl alcohol and chloroform. The active substance was separated into two crystalline fractions, designated as actinomycin A and actinomycin B. The first fraction was found to be highly bacteriostatic, whereas the second had little bacteriostatic action but was often strongly bactericidal. Actinomycin A was found to possess bacteriostatic properties against all bacteria tested. Although gram-positive bacteria are much more sensitive to this substance than are gram-negative organisms, there was found a marked variation in the degree of sensitivity among the various bacteria within each of these two groups.
Both actinomycin A and B prevented the development of Azotobacter in concentrations of 1: 1,000,000, and inhibited nitrogen fixation by this organism in artificial culture media.
Fungi were also found to be sensitive to actinomycin, the degree of sensitivity varying with the nature of the organisms.
When added to agar media for plating natural materials, like soil, milk, and sewage, actinomycin exerted a highly selective action upon the different organisms comprising the natural populations. It is suggested that this selective action offers interesting possibilities for demonstrating the presence of, and for isolating specific bacteria belonging to, the gram-negative groups by the use of this substance.
